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Design and synthesis of novel fluorescently
labelled nucleosides
Jin Yun Zheng,a Xiang Ming Feng,a Shu Feng Zhang,a and Yu Fen Zhaoa,b
A series of novel 50-labelled uridine with fluorophores: N-alkylcarbazole, alkyloxynaphthalene and alkylfluorene were
synthesized through H-phosphonate by Arbuzov reaction, and were characterized by using 1H NMR, 31P NMR and ESI-MS
analysis. The fluorescence spectra of all the compounds in solution and solid powder were described. The experimental
results showed that the fluorescence emission intensity of 50-labelled uridine is very sensitive to solvents.
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Introduction
In the study of nucleic acids, fluorescence spectroscopy provides
an important tool for the detection and probing of structure,
dynamics and interaction. Fluorophore-labelled nucleosides can
serve as sensitive site-specific probes in nucleic acid systems and
enable experiments to be measured in solution. In recent years,
many fluorophore-labelled nucleosides were synthesized, and
labels can be attached at the 50-terminus, 30-terminus, the
nucleoside base or the phosphate/sugar backbone. Various
organic dyes have been applied as covalently attached probes
for DNA analysis, such as dye,1 fluorescein,2 pyrene,3 anthra-
cene,4 stilbene,5 triphenylmethane,6 etc. In these fluorescent
labels for DNA, most of them were synthesized by modifying the
existing base in nucleosides or replaced with another flat
aromatic structure.7 A disadvantage of using a modified base is
that it can cause steric hindrance with other atoms in the
oligonucleotide sequence. On the other hand, fluorescent
labelling at 50-position and 30-position of nucleosides have
been reported by other researchers.8 But the labelling requires
the nucleosides bearing functional groups, such as phosphate,
amine or thiol, at the position to be labelled, and the synthetic
process is labour intensive and the yields are generally lower. In
this work, novel 50-fluorescently labelled nucleosides were
designed and synthesized through H-phosphonate by a one-
pot synthesis approach (Scheme 1), which is efficient and
economical. The conjugate aromatic rings, such as carbazole,
fluorene, naphthalene and anthracene, which have excellent
stable fluorescence were used as fluorophores. The fluorophores
were connected to the nucleoside at the 50-terminus through
H-phosphonate and the native base of nucleoside was exposed,
which avoided the steric hindrance with other atoms.
Experimental section
Treatment of the protected uridine with phosphorus trichloride
in dichloromethane at 301C for 2 h and at room temperature
for another 6 h gave compound 2. After evaporating the solvent
and excess of phosphorus trichloride, compound 2 was
dissolved in dichloromethane; when the corresponding mix-
tured alcohol (1:1) were dropped into the mixture on an ice bath
and stirred at 01C for 30 min, compounds 3a–c were formed;
then triethylamine was added, and subsequently dealkylation
occurred and finished during 10 min. The mixture was
concentrated in vacuum and purified by using silica gel
chromatography. The pure O-fluorophore-50-H-phosphonates
of uridines 4a–c were obtained with the yields of 4a 61%, 4b
49% and 4c 72%.
The compounds were determined by using 1H NMR, 31P NMR
and ESI-HRMS. The spectral data for the representative products:
(4a) 31P NMR (162 MHz, CDCl3):d(ppm): 8.68, 8.28;
1H NMR
(400 MHz, CDCl3):d(ppm): 9.36 (br, 1H, N–H), 8.09 (d, 2H,
carbazole 1,8-H), 7.68 and 5.91 (d, 1H, P–H), 7.35–7.48 (m, 4H,
carbazole 2,3,6,7-H), 7.24(m, 3H, 6-H, carbazole 4,5-H), 5.68, 5.58
(m, 2H, 5-H,10-H), 4.96 (m, 2H, 20-H, 30-H), 4.82 (m, 1H, 4’-H), 4.30,
4.28 (m, 4H, 50-H, carbazole alkyl 10 0-H), 4.03 (t, 2H, carbazole
alkyl 600-H), 1.88 (m, 2H carbazole alkyl 20 0-H), 1.58 (m, 3H, -CH3),
1.38-1-32 (m, 9H, -CH3, carbazole alkyl 3
00,40 0,50 0-H); ESI–HRMS:
598.2318 (M1H)1 (experiment); 598.2316 (M1H)1 (theory).
Results and discussion
The O-fluorophore-50-H-phosphonates of uridines were de-
signed and synthesized by the one-pot synthesis approach with
reasonable yields. For the synthesis of 4a–c, a mixture of
fluorophore alcohol and t-butanol (1:1) was used as alcoholysis
agent. As the tertiary carbonium ion is more stable than the
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primary, the tertiary is eliminated more easily than the primary.
The dealkylation of 3a–c through Arbuzov reaction proceeds
with the assistance of hydrogen chloride generated during the
alcoholysis of 2 which by eliminating one eq. of n-butyl chloride
yields the O-fluorophore-H-phosphonate of uridine.9 Moreover,
it is worth noting that the hydroxy connected with aryl directly
such as phenol, naphthol and 7-hydroxylcoumarin cannot form
corresponding H-phosphonates of nucleosides through this
method. In the ESI-positive ion mass spectra of the final
compounds, the protonated molecule and the sodiated
molecule of the target compounds were not observed.
The fluorescence properties of 4a–c in methanol and solid
powder were investigated and the emission spectra were shown
in Figure 1. Compounds 4a–c all have very strong fluorescence
both in solution and solid. As we all know, uridine has almost no
fluorescence. The maximal excitation and emission wavelengths
are listed in Table 1. The emission maxima of 4a and 4b in
methanol appeared very similar at 364 nm, and 4c at 340 nm
when excitated at 345 nm, 309 nm and 294 nm, respectively. The
emission wavelength of 4a–c in solid powder exhibited red shift
compared with solution and displayed that they are all blue-
light-emitting materials with the maxima of 4a at 410 nm, 4b at
440 nm and 4c at 397 nm when excitated at 358 nm, 403 nm and
340 nm, respectively. The red shift of the emission wavelength in
solid is due to the forming of congregates. The results showed
that incorporating the nucleoside moiety into these fluoro-
phores didnot affect the emission spectra of 4a–c in solid
powder.
The emission of 4a–c in different solvents were measured,
and Figure 2 shows the emission spectra of 4a in methanol,
ethyl acetate, chloroform, and acetone. The compounds
had much higher emission intensity in methanol and ethyl
acetate than in chloroform and acetone, as the chlorine
atoms and carbonyl groups quench fluorescence. The
results showed that the fluorescence emission intensity
of 50-labelled uridines were very sensitive to different
solvents.
The emission spectra of 4a–c with different concentration of
103–106 mol/L in methanol were measured, and no obvious
excimer was observed at this wide range. On the other hand,
concentration quenching was observed: the highest emission
intensity appeared at a concentration of 104 mol/L; below this
























Figure 1. The emission spectra of 4a–c in methanol and solid powder.
Scheme 1. Synthesis of 50-fluorescently labelled uridine
Table 1. The excitation and emission maxima of com-
pound 4a–c
Compound Solution Solid powder
EX (nm) EM (nm) EX (nm) EM (nm)
4a 345 364 358 410
4b 309 363 403 440
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Figure 2. The emission spectra of 4a in different solvents.
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Conclusions
In summary, we have developed novel fluorescent nucleosides
4a–c, which are 50-labelled by a one-pot synthesis approach. They
showed excellent fluorescence emission spectra both in solution
and in solid powder. Fluorescent uridines 4a–c may be effective
probes for micropolarity analysis in polar environments, as the
fluorescence intensity is very strong in polar solvent. On the other
hand, 4a–c may not be suitable for microenvironment analysis using
the spectrum shift because the solvatofluorochromism is small. It
can be expected to work as fluorophore in which the fluorescence
intensity changes according to the change in micropolarity.
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